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ABSTRACT
Today, advances in materials continue to dominate many aspects of our life. The word material is very much essential & important from engineering point of view. For any manufacturing of material, we consider the properties & manufacturing cost of that product i.e. indirectly considering the cost of raw material. Thus selection of raw material is very important.

Natural composites such as stones, woods & bones as engineering materials had been used by mankind since prehistoric days. Societies, which developed stronger, more durable materials, had a strategic advantage, particularly in warfare; over their neighbours.The advent of advanced composites has totally revolutionized the concept of material development & made significant impact on the structural engineering technology. Whether it is a sun glass frame, helmet, a bullet proof vest, an artificial tooth, a canine hip joint, a hockey stick, a violin, a shell roof, a microwave antenna, a drive shaft, an automotive bumper, a submarine hull, an aircraft wing or a satellite solar panel substrate – everywhere in all structural forms there lie the imprints of COMPOSITES. It is therefore obvious that in current years, composites should attract the attention of engineers & scientists & deserve to form the part of engineering curriculum in many engineering disciplines.
The rising demand for special engineering materials by aerospace, nuclear power, electronics, computer, telecommunications, defence and other industries such as automobiles led to the investigation and development of new classes of advanced materials in recent years. These include special purpose steels and alloys of metals, polymer matrix composites, ceramic materials, materials for space propulsion and power systems, smut materials which adjust their properties to changing environment, and a number of other new materials for use in automobiles, turbine engines etc.
                         Thus if we use composite materials then we are sure to get outstanding results because of their improved properties such as lightweight, rigid, high durability, high strength, weather resistant, able to withstand high temperatures & damage resistant etc. 
A new layered material is in making that could dramatically increase automobile & jet engine fuel efficiency. A material wise stock of development given below will give us the idea of advances in composite material technology.
1  COMPOSITES CLASSIFICATIONS:

There are two main classifications of composites:

There are also different categories of composites within these two classifications, and

different families of composites in those categories.

CATEGORY MATRIX ORGANIC :

(POLYMER)

1 Matrix Resin Thermoset (requires curing agent)

- Phenolic

- Polyester

- Vinylester

- Epoxy

- Polyurethane

- Silicone

- Melamine

- Polyimid

- Cianamid

2 Matrix Resin Thermoplastic (no curing agent)

- Peek

- PVC

- ABS

- PPE

- PP

- Fluor

3 CATEGORY MATRIXES INORGANIC

(METAL,CERAMIC)

Metal Matrix / Mineral Matrix

- Aluminum

- Titanium

- Boron

- Ceramic

- Silicone Carbide

- Zircon
Recently used composites :-

1 Fiber Reinforced Plastics (FRP).
2 Titanium Aluminide (TiAl3).
1 Reinforced or Composite Plastic :
                  Polymer matrix composites are combinations of such reinforcing materials as fibreglass, boron, graphite, and aramid fibres in a plastic matrix or binder. The most outstanding characteristic of polymer matrix composites is the materials' ability to replace lightweight, high-strength metals or wood with an even lighter-weight and higher-strength alternative. In the automobiles sector, this property permits lower fuel consumption &/or increased payload; Polymer matrix composites' resistance to corrosion & vibration-dampening properties is widening their appeal in the automobile industry. Polymer matrix composites provide other benefits as well: in manufacturing, they permit the use of fewer parts thus lowering assembly costs. Because of their high cost, widespread use of advanced composites in high-volume commercial applications, including automobiles, awaits more cost-effective processing methods and lower-cost materials.

Reinforced plastics are composite materials consisting of thermoplastics or thermosetting matrix combined with another stronger & stiffer material, usually in fibre form which acts as reinforcement. The purpose of the fibre is to carry as much as load possible. 


The main requirements of the fibre are - high strength & modulus. Its modulus must exceed that of the matrix it is to reinforce, i.e. the fibre must be stiffer than the resin. The effectiveness of the fibre depends on

The degree of adhesion between plastic & fibre

· volume of reinforcement

· length of fibre

· Physical, chemical & temperature properties of fibre & plastic.

The different types of fibres used: glass, carbon, Kevlar, (aramid fibre) & the combination of any of the above fibres. It has high tensile strength but undergoes deleterious effect because of moisture. It also suffers static fatigue.

	FIBRE TYPE
	RELATIVE COST
	TENSILE STRENGTH
	TENSILE MODULUS

	    Asbestos
	0.01
	840
	28

	    Glass
	0.03     
	315
	11

	    Carbon
	15
	365
	50

	     Boron
	200
	510
	55


 MOULDING OF FIBRE : -
Fibres are used in a number of different formats. They can be in continuous length in roving (untwisted). The roving can be woven into the glass cloth or they can be simply laid unwoven. They may be laid down in linear - cross, swirl or random pattern.

There are 2 aspects to the mechanical strength properties of these materials, which to some extent make conflicting demands on formulation. These are:

1. The tensile strength & stiffness properties

2. The impact strength or fracture properties.

The first property depends mainly on the fibre orientation & to some extent on good adhesion. The second property is the most characteristic property as it manifest in the impact tests. However, a weak bond is more effective than a strong one in this case. If the bond is strong, a crack propagates through brittle fibre without any hindrance: if the bond is weak, debonding occurs & extra energy is needed to do the debonding.
6. Fiber reinforced plastics:
	Type
	Important Properties
	Applications

	Acrylonitrile Butadiene Styrene (ABS)
	Hard & mechanically strong, electroplatable, high impact strength, used for -30 deg C to 100 deg C
	Mascots, emblems, housings, radiator grills, pop-up knob, lock handle, front grill

	Polypropylene (PP), Filled PP, PP + EPDM
	Good weather and solvent resistance, cheap, mechanically strong, high service temperatures, (100 deg C) good impact strength
	Dashboards, interior linings, consoles, battery housings, bumpers, trims, air filter, glove box

	High density Polyethylene (HPDE)
	Strong and flexible, cheap, solvent and weather resistance, used for -30 deg C to 60 deg 
	Brake fluid reservoirs, windscreen washer bottle, small parts like knobs, handles, etc

	Low density Polyethylene (LDPE)
	Flexible, cheap, solvent & weather resistant, used for -50 deg C to 90 deg C
	Cover for window winding mechanism, protective envelope, mud liners, etc


PLASTICS IN AUTOMOBILES:

Plastics are now universally recognized by automobile manufacturers not only as a key to achieving an improved fuel/performance ratio by replacing metal for interior body components but also as a solution to many of their manufacturing, design, styling, and cost problems. The diversity of properties offered by plastics materials in general &, in particular, by the more recently developed composite materials makes them more useful & attractive to engineers.

GRP is special type of FRP being used mostly.
2 Titanium Aluminide (Ti Al3) :
 STRUCTURE OF TITANIUM:

	



	     




	



           

	Crystal structure of α-titanium.
	Crystal structure of β-titanium.
	The slip planes in α-titanium
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Hexagonal close-packed crystal structure of titanium.
It’s Production:

                             A method for fabricating an improved titanium alloy composite consisting of at least one high strength/high stiffness filament or fiber embedded in a titanium-aluminum base alloy matrix which comprises the steps of providing a rapidly-solidified foil made of the titanium-aluminum base alloy, fabricating a perform consisting of alternating layers of the rapidly-solidified foil and the filamentary material, and applying heat and pressure to consolidate the perform, wherein consolidation is carried out at a temperature below the beta-transus temperature of the alloy.
Gamma titanium:
· Gamma-titanium aluminide  is an alloy whose specific strength is similar to that of other super alloys but its Specific stiffness is significantly Higher.

· It can replace super alloys for high temperature applications in the range of 500

to 800 °C, reducing component weight by up to 50%.

· Gammatitanium aluminize is available. as sheet or rod under the brand name Gamma-Met 100.

· This product is unique, because it is suitable for both propulsion and airframe

Components.
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APPLICATIONS OF TITANIUM ALUMINIDE: 
Because of its high strength to weight ratio, titanium is used in a variety of applications, including products where weight is of importance such as aircraft, sporting equipment, etc.. Because of its excellent corrosion resistance, titanium is also used for chemical processing, desalination, power generation equipment, valve and pump parts, marine hardware, and prosthetic devices.
AEROSPACE APPLICATIONS: -
[image: image6.emf]
Space applications: -
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 1 On the HST as it is deployed in low-earth orbit from the space shuttle orbiter….!
 2 The P100/6061 Al high-gain antenna wave guides/ boom for the Hubble space telescope (HST).
3.1 Considerations and Requirements:
Various considerations in the applications of plastic in the automotive sector. Some of them are detailed below :
i.  Weight reduction: In most European countries and the US various legislations are coming into force which controls the fuel consumption and the exhaust emission levels. This needs a new technique to reduce fuel consumption and hence, also body weight. Ergo, Plastics have become a valuable means to achieve these ends. In other countries like Japan newer techniques are being developed to reduce production costs and time to drastically reduce cost and improve various other factors like weight, fuel consumption etc., to be competitive in the market. Hence marketability is a factor in which plastics are increasingly finding application.

ii.  Safety: A simple reduction in weight tends to adversely affect the structural rigidity and stability and lead to an increase in noise and vibration. A technical solution has to be sought before any merging of plastics can be tried out in a conventional steel body vehicle.

iii.  Properties: Various types of plastic and ceramic materials have various properties. For any application the right material has to be chosen. A considerable percentage of metal parts have already been replaced by plastics. Thus in the future, replacement of metal parts by plastic will extend to body, wheel and parts around the engine. So that demand for surface appearance and functions will increase in severity. There will be a competition among plastic and non-metallic materials for internal and external furnishing and electrical items. Hence various composites have to be developed which can meet the stringent capabilities required of them.
iv.  Price factor: The price of plastics, per se, is far less than comparable metals. However processing costs inflate the actual effective cost tremendously. With improvement in the production methods, doubtless, this price will fall to make plastics more competitive. However, since plastics are petroleum derivatives, they will be directly affected by any future oil price increase. Therefore it is not only necessary to concentrate on performance improvement and reduction but cost control to mix organic and inorganic fillers with plastic.

While it is appreciated that most plastics cost more than steel   overall, one must not overlook the fact that plastics are the only material available to the design engineer that make available a wide selection of much sought after properties.

v.  Design considerations : There is not only a need for change in internal and external furnishings but there is a need for improvement in body design to meet the various demands (e.g. User demands, aerodynamic demands, safety demands, reliability demands, cost demands, etc. ) Basic body of plastic, instead of sheet metal is less costly to prepare and can be produced in varieties and require less repair. Hence design considerations should cover and make full use of the unique properties of plastics and allied composites. 

Also while properties like stiffness can be increased by increasing the wall thickness, a basic compromise has to be made between stiffness and the corresponding weight. However with plastics the wall thickness can be increased up to five times that of equivalent sheet steel without any increase in weight. An increase in stiffness can also be attained by the use of special design features like double curvatures instead of flat panels and by introducing local reinforcements in the form of hollow stiffeners.

3.2 Advantages of fiber reinforced Plastic over Metals:
Price Factor :

This is the most influential factor. Although plastic replacements will be more expensive to produce initially than it’s metal equivalents due to production methods, assembly costs are usually much lower. Also latest production techniques will enable the production of plastic components at a much lower price.

Alternatively the use of a moulded plastic component enables complex shapes to be produced as one single part which in metal would require fitting together of several parts. E.g. complicated ducting such as curved fascia, manifolds with integral mounting flanges and inlet and outlet stubs can be blow moulded in a single operation.

Lower tool costing, typically one fifth, as compared with metal pressings have been an incentive to the development of materials & processing techniques. Less tooling costs also permits the manufacturer & stylist more freedom to update or replace an existing model with a technically advanced & more visually attractive vehicle in keeping with the latest market trends.

In addition to being significantly lighter, body panels are considerably more durable & corrosion resistant than steel pressings

 ii. Good Strength to Weight ratio:

This advantage makes possible a substantial weight reduction. The strength-to-weight ratio of reinforced materials offer the possibility of significant total weight reduction coupled with the ability of being moulded into complex shapes. E.g. In body building of commercial vehicles, weight saving can be achieved by using GRP instead of steel for cab. Thus a single moulding can replace a costly, labour intensive, welded steel assembly such as a dashboard or console. 

In terms of weight saving Aluminium construction weighs 78%, and a GRP construction weighs 63% of an equivalent all steel construction.

iii.  Ease of manufacturing / assembly :

Suitability for moulding or fabricating in forms that is ready for immediate assembly and requiring the minimum of labour. A good example of this afforded by the development of the moulded flexible polyurethane foam seats. These moulded cushions together with a seat frame moulded from wood pulp/phenolic resin replace the metal springs, rubberised hair, rubber straps, felt and the wadding of conventional cushions.

iv.  Suitability for high production rates. :

Adaptability of materials to higher productivity transforming techniques and economy of manufacture due to choice of metals available is possible. There are various types of rotational, blow, injection, compression moulding systems and the newly developed ZMC, RRIM methods which aid faster production. For GRP there are around 15 different moulding methods at the disposal of the manufacturer, each one designed to suit a particular type of reinforcement.

v.  Resistance to corrosion. :

Plastics have a good resistance to corrosion as well as scuffing, impact, scratching, finger marks and other forms of damage. The fact that plastics do not corrode when exposed to high humidity, salt, acid and other corrosive influences is of particular importance as an increasing number of fabricated parts have been used under the bonnet, where the conditions favour the corrosion of metal.

vi.  Plating. :The ease with which some plastics can be plated increases their usefulness to the engineer, who is able to profit from the sales appeal of plated surfaces and at the same time to make a substantial saving in weight. Moreover, plated plastics are important for technical applications demanding unusual insulator / conductor properties.

5.  CASE STUDIES  :
   Case study 1: 
  Plastic Fuel tanks (PFT) in SUV OF INDIAN OEM:
Having been used successfully abroad for several years, blow - moulded, high density polyethylene (HDPE) fuel tanks are on the verge of widespread use in Indian automobiles. Telco would be one of the first commercial vehicle manufacturers to implement this technology. 

In this application plastic offers various advantages:

i.  Reduced weight: Compared to metal fuel tanks (approx 11kg. unassembled) a PFT reduces the unassembled weight to 6.5 kgs - giving the company a gain of 4.5 kgs.

ii.  Design flexibility: Because of its easy moulding, HDPE offers a greater freedom of design, allowing more efficient utilisation of dead space and thus greater fuel capacity.

iii.  Impact and crash safety: The risk of destruction and/or explosion of a plastic fuel tank is reduced in comparison to a metal fuel tank. At -40( C a PFT will not burst when dropped from 6 meters height.

iv.  Fire resistance: A PFT can resist a 3 minute fire test which a metal fuel tank cannot.

v.  Corrosive resistance: Aggressive and corrosive mediums like petrol or diesel do not affect or attack a PFT.

vi.  Reduced investments: Investment costs for tooling and machines for a PFT are by far lower than for a metal fuel tank. A piece price of Rs. 986 is expected on an annual production of 50,000.

	Conversion development costs

(Presupposed conversion lead time : 12 months)

	Prototype blow mould tooling
	Rs. 20,64,000

	Adaptability cost for blow mould
	Rs. 4,70,000

	Sampling Cost including 1 try out and 30 prototypes
	Rs. 18,30,000

	Engineering costs including CAD costs
	Rs. 52,80,000

	ECE- fire test
	Rs, 18,70,000


vii.  Production Costs: They will be lower if filler pipes and connecting parts will be moulded in the same operation.


However there is one deficiency of HDPE: It allows fuel to permeate through the tank walls. In order to meet requirements, tanks have to be given treatment to reduce such losses. One approach for attenuating fuel permeation consists of chemical modification of the plastic surface with elemental chlorine
Case study 2:
 Design considerations in GRP clad ERF truck cabs: 

For many years, truck cabs have been identified as a sector of the automotive market which could benefit from plastic bodywork. ERF Ltd. decided to take a look at the full range of possibilities which could be used to manufacture truck cabs. They gave serious considerations to the following combination of materials.

1. Steel panels fastened to a steel frame. The tooling costs would have been 1.5 million pounds i.e. 9 crores. 

2. Aluminium panels fastened to aluminium/steel frame. This method would involve a considerable amount of sub - assembly work. As with a steel construction, many location brackets would have to be attached to the frame.

3. Structural foam panels fastened to a steel frame. Although rigid enough, the structural foam panels would have inadequate impact strength.

4. CPM (cold press moulded) GRP panels fastened to steel frames. Tool life would be too short, i.e. only 4000 - 5000 moldings per tool, whereas a minimum of 25,000 parts was required. Thus for CPM, at least 5 new moulds would be needed. More importantly,  the low moulding pressures of the CPM process - 0.4 to 0.17 MN/m2 - is insufficient to form integral D- bosses used for bolting the panels together.

5. A steel frame clad with hand laid- up GRP panels. Hand lay - up is slow production method, & by using the expedient of multiple moulds to increase output rate an excessively large floor area would be needed.

6. Hot pressed SMC panels on a steel frame - work.


Eventually they opted for SMC panels, & they have proved to be an extremely successful innovation in truck cab manufacture. There were a number of factors which influenced their decision.

· Firstly, the tooling costs was only about one third of those required for pressed steel panels.

·  Secondly, the panels could be produced in a single moulding operation, whereas previously a number of parts had to be assembled.

· Thirdly, the SMC panels offered inherent advantages such as lightness, noise insulation, ease of maintenance (repair or replacement), & no difficulty in spray painting.


A completely plastic cab is not feasible because it would not have the necessary torsion stiffness. The steel cage serves as a safety cell for the driver. The impact performance of the SMC panels is good in minor collisions. GRP is resilient & will bounce back where sheet panels would remain dented. Under high impact loads, however, GRP breaks up & it is left to steel frame to absorb the impact. Other requirements, such as stiffness, dimensional accuracy & dimensional stability, did not present any major problems for the SMC material
6.  THE FUTURE: 
With current environmental pressure to reduce fuel consumption & exhaust emission & to make cars more economical & aerodynamically better, with improved corrosion resistance and general durability, the plastic content of average cars will inevitably continue to increase. This has called for changes in design, materials and production methods. The emphasis will be on developing materials for use in all areas of the vehicle & in particular the bodywork. However, while the day of the `all plastic’ car in which the entire load bearing structure is of plastic materials can be anticipated, its realisation cannot be forecast.

The automobile industry is understandably reluctant to dismantle complete production systems which have been refined through years & replace them with a new system at a considerable cost. The economic & quality improvements that have resulted from developments in press tools & robot spot welding techniques now permit the production of a car in a considerably shorter time than hitherto. To initiate change & introduce new materials a number of companies & organisations have to set up research facilities to bring together the expertise of the plastics & automotive industries.

The probability of plastics taking over metal components in the short term is impossible. The fundamental reason being the commitment to mass production which means that equipment can be so specialised that even a minor change cannot be accommodated. For example - most of existing press tooling for mild steel presswork would require significant modification in order to process the thinner - gauge, high strength, low alloy steels which might be used for structural members. A change from one plastic to another may require new moulds to allow different mould shrinkage characteristics. Therefore there has to be concentration on long term substitution.
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